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Transformation of BALB/c-3T3 Cells:
Il. Investigation of Experimental Parameters
that Influence Detection of Benzo[a]pyrene-

Induced Transformation

by Edwin J. Matthews

Benzo[alpyrene {(BaP) induced significant morphological transformation of clone A31-1-13 BALB/¢-3T3
cells without exogenous activation. Therefore, BaP was selected as a model to determine the internal
consistency of detection of chemical-induced transformation. BaP induced a continuum of type I-II1 foci of
different sizes, and the ratio of type I-I11 to type I1I foci/vessel was usually about 2-fold. The major finding was
that BaP induced highly significant transformation respoenses, and the magnitude of these responses were
inversely correlated with the cytotoxicity of the treatment doses. Thus, the induction of BaP-induced
transformation behaved as though it was caused hy a mutational event. Variability among responses were
shown to depend on the serum lot and the eryopreserved ampule of cells, In addition, experiments with low
spontancous transformation responses had an impaired ability to detect [3aP; however, experiments with high
or normal spontaneous responses had a normal ability to detect BaP. Becaunse the expression of BaP-induced
transformation depended on hoth the cytotoxicity of the treatment and the cumulative humber of mitoses, the
frequeney of BaP-induced transformation should be reported as the number of foci/vessel, but nol expressed as
the number of foci/viable cell surviving the chemical treatment. These conciusions are important because the
same 110 experiments described in this report were also used to evaluate the transformation responses of many

different carcinogenic and noncarcinogenic chemicals. These data are being reported separately.

Introduction

There have been a number of reports describing
chemical-induced morphological transformation of BALB/e-
3T3 cells (1—4), and these investigations invariably used
3-methylcholanthrene (MCA) as the positive control. In
addition, government agencies (5) and scientific commit-
tees (6) have recommended MCA be routinely used in this
assay. Nevertheless, there has not been a study that
systematieally investigated the effects of different experi-
mental parameters on MCA-induced transformation
responses in BALB/c-3T3 cells. Likewise, the kineties of
MCA-induced cytotoxic and transformation responses
have not been systematically compared with the activities
of other chemicals in the assay.

Preliminary investigations in this laboratory revealed
that the kinetics of induction of MCA cytotoxic and trans-
formation responses in BALB/e-3T3 cells were different
from most test chemicals tested in the assay. For example,
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MCA induced very high transformation responses over a
two log range in concentrations from 0.1 to 10 pg/ml,
whereas most test chemicals, such as N-methyl-N-
nitro-N'-nitrosoguanidine (MNNG), induced transforma-
tion over a limited range of treatment doses (ie., 0.5-2.0
pg/ml MNNG; data not presented), In addition, 48 or 72-
hr MCA treatments induced eytotoxie responses that
changed very gradually with concentration over a three-
log range, whereas most chemicals under similar treat-
ment conditions induced sharp dose-related changes in
cytotoxicity. Thus, MCA was not a good choice to investi-
gate the effect of different experimental parameters on
chemical-induced eytotoxic and transformation responses.

Therefore, this laboratory investigated four chemicals
to be substituted for MCA as a possible positive control for
the BALB/c-3T3 cell transformation assay: benzol[a]-
pyrene (BaP), 5-bromo-2'-deoxyuridine (BUAR), cytosine
arabinoside, and N-methyl-N'-nitro-nitrosoguanidine
(MNNG). All four chemieals induced highly significant
transformation responses (data not reported). In contrast
to MCA, all four chemicals induced dose-related increases
in both eytotoxic and transformation responses over a
relatively short range of treatment doses. Previously, BaP
and MNNG have also heen demonstrated to be active in
this assay (1—4). BaP was selected as the positive control
for the BALB/c-3T3 transformation assay over the other
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three chemicals, because many carcinogens in rodent hio-
assay are thought to require cellular metabolism to
hecome eareinogenic and are not considered direct-acting
mutagenic chemieals (7,8). Thus, BaP was selected because
it acts as a mutagen only after the parent chemical has
been metaholized by cells, or with an exogenous activation
system (9). This report summarizes data obtained in 110
transformation experiments eonducted over a 2-year
period. BaP was used as the positive control and tested at
two treatment doses. To eliminate experimental param-
eters known to influence detection of transformation
responses, all experiments were conducted using only two
lots of tetal bovine serum (FBS), two frozen pools of BaP,
and a single cryopreserved pool of wild type (WT) cells.
Furthermore, since WT BALB/c-3T3 cells expressed a
continuum of type I-III foci of different sizes (10), the
significance of chemical-induced responses could possibly
be influenced by the inherent subjectivity of seoring mor-
phological variants. Therefore, all of the foci observed in
these experiments were recorded and analyzed,

Materials and Methods
Cell Culture

The investigations in this report used the 1-13 clone of
A31 BALRB/e-3T3 eells (11,12). The materials and methods
used to culture the cells have been previously reported in
detail (72) and are summarized in part I of these investiga-
tions (10).

Standard Clonal Survival Assay

The standard clonal survival assay, using low-density
cultures of BALB/c-313 cells, was conducted according to
our modification (13) of the method desecribed by
Kakunaga (14). Briefly, 200 WT cells were seeded in either
60-mm culture dishes (Corning, Corning, NY) or 25-cm?
culture flasks (Corning). BaP (Sigma, St. Louis, M(Q)
treatment doses were applied to triplicate cultures for 48
hr beginning 2 days after seeding. BaP treatments were
terminated by removal of the treatment medium, washing
sthe culture vessels twice with Hank’s balanced salt solu-
tion (IIBSS; Quality Biologicals, Gaithersburg, MD), and
fed with culture medium. After a total culture period of 8
days, the vessels were washed, fixed in methanol, stained
with Giemsa, and colonies of cells were hand tabulated
according to the procedure described in part IV of these
investigations (75).

Co-Culture Clonal Survival Assay and
Transformation Assay

The procedure used for the co-culture clonal survival
assay has been previously reported in detail (1,16) and is
summarized in part IIT of this series (I7).

BaP-induced transformation of BALB/c-3T3 cells was
evaluated in a standard transformation assay protocol
that has been reported in detail (73) and is summarized in
these investigations in part IV (15). Briefly, each transfor-
mation assay contained three components: a standard

clonal survival assay (13,15), a co-culture clonal survival
assay (15,17), and a transformation assay (15,45). In each
experiment, BaP-induced transformation was detected in
the positive control, which consisted of 20 vessels seeded
with 3.2 x 10? cells/vessel. BaP doeses were applied to cell
cultures for 48 hr, day 2-4, using standard procedures
(13,15).

Evaluation of Transformed Foci

The method used to evaluate transformed foci of BALB/
¢-3T3 cells has been reported in detail (78) and is summa-
rized in Part IV of this series (15) of these investigations.
Briefly, the number of type I-Iil transformed foci of
BALB/c-3T3 cells were identified microscopically using
published eriteria (5-6,14,18-19), and type III foci had
three phenotypic properties: piling and overlapping cells,
disorientation of cells at the periphery of the focus, and
invasion of transformed cells into a contaet-inhibited
monolayer of WT eells. Type T and II foei also appeared in
many different sizes, but they lacked one or maore of the
three phenotypic properties of the type 111 transformed
focus.

Handling of Test Chemical

Two large batches of BaP were prepared and used
during this investigation. Experiments 1-84 used the first
batch of BaP, and experiments 84-110 used the second
batch. Both batehes of BaP were tested in the same
experiment, and they indueed comparable cytotoxic and
transformation responses {(unpublished data). The BaP
was dissolved in dimethyl sulfoxide (DMSO) at 5 mg/mL
and diluted with DMSO to prepare 100 pg/mL aliquots of
BaP. The ampules containing 106G p.g/mL BaP were frozen
and stored until use in experiments, The 100 pg/mlL BaP
stock was diluted 100-fold with culture medium to a 5-fold
concentrated dosing solution of 1.0 pg/mL, and 1 mL of
this was rapidly administered to culture vessels contain-
ing 4 mL of culture medium,

Statistical Methods

The method used to determine the distribution of spon-
taneous transformed foci of BALB/c-3T3 cells has been
previously reported (18,20-21) and is described in detail in
part I of these investigations (76}, Briefly, after examining
several mathematical transformations (22), the data were
found to fit a logarithmic (log,,,) transformation (20,13,20).

The significance of different sets of transformation
responses was determined in three steps using SAS soft-
ware (23), First, an analysis of variance was performed on
log,, data uging the F-test. Second, the significance of
responses was calculated using modifications of the Stu-
dent’s {-test, one assuming equal variance (EV) between
the control and comparison set and the other assuming
unequal variance (UV). The correct f-statistic was dis-
tinguished by a F-test confidence level of 5% (i.e., p<0.05),
Third, the probability of individual sets of data having a
significant activity was determined using the appropriate
EV or UV t-statistic.
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Rank-ordering of BaP-induced Transformation Re-
sponses. BaP-induced highly significant transformation
responses in 109/110 experiments and was inactive only in
experiment 62. The magnitude of the BaP responses was
variable and could be rank-ordered on the basis of the
statistical significance of the response. A rank-order
method using {-statistics was selected beeause the magni-
tude of the {-statistic was proportional to the significance
of the BaP response and was independent of the magni-
tude of the spontaneous response. The significance of each
BaP response, or average I-statistic, was calculated by
averaging the t-statistics of the two treatment doses.
Negative {-statistics were arbitrarily assigned the value of
zero (Table Al). The large range of spontaneous responses
in the 110 experiments [vefer to part I of these investiga-
tions (10)] precluded the use of the mean BaP response to
rank-order BaP responses. A similar method of combining
significance levels has been employed using z-statistics
from nonparametrie statistical tests (24).

Statistical Sensitivity versus Frequency of Spon-
taneous Transformation. The magnitude of the frequen-
cies of spontaneous transformation in the BALB/e-3T3 cell
transformation assay was variable among the 110 experi-
ments, and the experimental parameters affecting spon-
taneous frequencies have been reported (10). Variability
among spontaneous frequencies directly affected the abil-
ity of a transformation assays to discriminate a significant
test chemical-induced response. Experiments with a spon-
taneous frequency lower than the median frequency had a
lower statistical sensitivity to detect test chemical trans-
formation responses. Conversely, experiments with a spon-
taneous frequency higher than the median frequency had
a higher statistieal sensitivity to detect chemical
responses.

The statistical sensitivity can be determined by calculat-
ing the ratio of the t-statistic of the experimental (i.e,, £*¥)
divided by the {-statistie of the median experiment (i.e.,
med), Thus, the statistical sensitivity is equal to the ratio of
Xexp/SEexp lelded by Xmud'/SEmud. The Xexp and Xmed
are the mean experimental and median spontaneous fre-
quencies, and the SE®® and SE™ are the standard
errors of the mean experimental and median spontaneous
frequencies, The statistical sensitivity ratio was calculated
for each of the 110 experiments and used to rank-order the
experiments from the highest to the lowest in terms of
statistical sensitivity (Table A2)

Detection Sensitivity versus Benzo(a)pyrene Trans-
formation Response. A mathematical model was devel-
oped to compare the BaP transformation responses in
different experiments. This model compared the transfor-
mation responses of the two BaP treatment doses to the
median historical response of the assay.

In some experiments the two BaP treatment doses had
responses that were both higher than the median
responses, and these experiments had a high detection
sensitivity for BaP. Conversely, some experiments had
both two BaP transformation responses that were lower
than the median responses, and these experiments had low
detection sensitivity for BaP. After separating experi-
ments according to FBS lot used (Tabie 1), the magnitude

of the BaP transformation responses detected at two
treatment doses per experiment were compared statis-
tically to the median activity. The {-statistics from the two
doses were averaged by adding the two t-statistics and
dividing this number by the square root of # {L.e, square
root of 2 or 1.414),

In contrast, a portion of the experiments had two BaP
responses in which one BaP response was larger then the
median regponse and the other was smaller than the median
response. These experiments had responses with {-statistics
with opposite signs relative to the median BaP responses;
therefore, the detection sensitivities of these experiments
were indistinguishable from the median BaP responses.

Results

Effect of Experimental Parameters on the
Magnitude of BaP-Induced Cytotoxic and
Transformation Responses

The effect of varying four different experimental para-
meters on the magnitude of BaP-induced transformation
of BALB/c-3T3 cells was investigated in 110 experiments
using a standard assay protocol (see Materials and
Methods). The four experimental parameters were a) the
use of two lots of FBS, b) 18 ampules of cryonreserved cells
from a single cell pool, ¢) p4—p22 passage levels of cells, and
d) 110 different spontanecus transformation responses.
Experiments 1-61 used I'BS lot A and ampules of cells 1A-
1L; experiments 62-110 used FBS lot B and ampules 1L—
IR. BaP was tested in all experiments using treatment
doses 0.20 and 0.063 pg/mL,

FBS Lot. The data summarizing the effect of FBS on
the BaP-induced transformation and cytotoxic responses
are presented in Table 1, and experimental data from
individual experiments are provided in detail in Table Al.
The data presented in Table 1 show that the median spon-
taneous transformation response detected in experiments
using FBS lot A was less than the median response
detected for experiments using serum lot B, Le, 0.43
versus 0.61 type III foci/vessel, respectively. In contrast,
the median BaP-induced transformation responses detect-
ed for 0.20 and 0.063 pg/mL treatment doses were higher
for experiments using FBS lot A versus FBS lot B. For
example, the BaP treatment dose of (.20 pg/ml induced a
median response of 7.76 type 111 foci/vessel in experiments
uging FBS lot A and only 4.64 type III foci/vessel in
experiments using FBS Iot B. Statistical analyses of the
data revealed that the BaP transformation response for
0.200 g/mL treatment dose was significantly (p<0.001)
higher for FBS lot A versus FBS lot B, if the mean
spontaneous transformation responses for these experi-
ments was first subtracted from the corresponding mean
BaP transformation responses. Similarly, the mean BaP
transformation response detected for the 0.0633 pg/mL
treatment dose was significantly (p<0.001) higher for FBS
lot A versus FBS lot B,

The explanation for the elevated BaP transformation
responses in experiments using FBS lot A was shown to
correlate directly with the BaP-induced cytotoxic
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Table 1. Effect of lot of FBS on the median and mean of BaP-induced cytotoxic and transformation responses,
Experimental parameter” Cytotoxic response,”
FBS Exp. BaP, % ROE Transformation response,”
lot no. pg/mL Standard assay Co-cuiture assay type I foeifvessel
Median experimental responses
A 1- 61 0.200 2 38 776
B 62-110 0.200 8 75 4.64
A 1- 41 0.0633 7 63 3.93
B 62-110 0.0633 - & 21 85 2.88
O
A 1- 61 0 i 100 100 0.43
B 52-110 0 100 100 0.61
Mean experimental responses, mean = SE!
A 1- 61 0.200 291 = 0.40 (59)_ 406 + 228 (60) 67 = 0.37(62)
B 52-110 0.200 129 £ 182477 632 + 228 (48)"” 5.97 = 0.62 (49)""
B 62-76, 83-110" 0.200 144 + 266 4™ 638 = 229 (42)*" 475 = 0.30 (4™
A 1- 61 0.0633 TRY 0749 TA8 x 204(48) 4.28 =+ 0.29 (62)
B 62-110 0.0633 267 =220 4D T = L72(4g)" 3.83 + 0.48 (49)*
B 62-76, 833-110° 0.0633 26,7 + 269 @™ 845 = 1.78 (42)""" 2.80 + 0.20 (43)"*"
A 1- 61 0 100 (59) 100 (60) 0.66 =+ 0.08 (62)
B G62-110 0 100 (47) (NS) 100 (48} (NS) 1.37 + (.26 (49} (NS)
B 62-76, 83-110" 0 100 (41) (NS) 100 {42) (NS) 0.92 = 0.14 {43) (NS)

Abbreviations: BaP, benzolalpyrene; exp. no,, experiment number; FBS lot, fetal bovine serum number; %RCE, percent relative cloning efficiency;
NS, not significant (p=>0.05).

*Experiments numbered 1-61 used FBS ot A, and experiments numbered 62-110 used FBS 1ot B {(see Materials and Methods for sources of FBS), The
BaP treatment doses were prepared from frozen stocks of BaP disselved in dimethylsulfoxide,

"The cytotoxic responses of BaP in the 110 experiments was measured in sither a standard or a co-culture elonal survival assay. The eytotoxic response
represents the percent %RCE of the BaP-treated cell cultures relative to the untreated cell cultures. The median eytotoxic responses were determined
by rank-ordering the responses fyom experiments that used the two different 'BS lots. The responses are expressed in terms of the mean £ SE;
numbers in parentheses refer to the number of experiment in the subgroup.

“Transformation response: The BaP-induced transformation responses were caleulated using a three-step procedure involving the log, , mathematieal
transformed data. The arithmetic value of the transformation response, or foci/vessel, represents the anti-log of the log,, mean transformation response
minus one,

The significance of BaP transformation responses detected in experiments using FBS lot A versus FBS lot B were caleulated using the FBS lot A
responses as the control. Before these comparisons were made statistically, the mean frequency of spontaneous transformation was subtracted from the
BaP transformation response in each group. This was necessary due to the approximately 2-fold difference in the spontaneous frequencies detected for

the two FBS lots.

“Experiments 77-82 using FBS lot B and cells from ampule IN had very high spontaneous frequencies {see Table Al) and were outliers in this
investigation (45). Thus, the BaP responses detected in FBS lot B experiments were calenlated for significance in the presence and the absence of

experiments 7T7-582.
*Significant transformation response, 0.01 < p < 0.05.
f’*Signiﬁcant transformation response, 0.001 < p < 0.01.
***Significart transformation response, p < 0.001.

responses detected in experiments using the two different
FBS lots. The standard clonal survival assay assessed the
relative cloning efficiency (RCE) of cells in low cell density
cultures; the co-culture assay measured RCE of cells in
high-density cell cultures (see Materials and Methods).
The median and mean cytotoxic responses detected in
experiments using FBS lot A were consistently higher
than responses in experiments using FBS lot B. For
example, in experiments using FBS lot A, 0.200 pg/mL
BaP induced a median 2% RCE in the standard elonal
survival assay and 38% RCE in the co-culture clonal
survival assay. In contrast, in experiments using FBS lot
B, the same treatment dose induced a median of 8% RCE
in the standard assay and 75% RCE in the co-culture
assay. Analogous differences for the eytotoxic responses in
experiments using the two FBS lots were observed for the
(.063 wg/mi. BaP treatment dose. In conclusion, experi-
ments performed with FBS lots A and B both demon-

strated dose-related increases in cytotoxic and transfor-
mation responses; however, the magnitude of both
responses was FBS-dependent for the same concentration
of BaP. '

Ampule of Cryopreserved Cells. The spontaneous and
BaP-induced transformation responses detected in 110
experiments using 18 different ampules of eryopreserved
cells are summarized in Table 2. The data were rank-
ordered aceording to the significance of the average BaP
transformation response detected in experiments using
cells from a single ampule. The significance of the
response is directly proportional to the magnitude of the
{-statistic. In addition, the data were separated for experi-
ments eonducted in the two FBS lots.

The data demonstrated that variability among the BaP-
induced transformation responses was highly correlated
with the use of ditferent ampules of cryopreserved cells.
For example, cells from ampule 1B using F'BS lot A had the
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Table 2, Spontaneous transformation frequencies and BaP-induced transformalion responses detected
in cultures derived from 18 ampules of cells.

Cytotoxic respense,
mean %RCE®

Transformation response,”

Significance,”

Amp Standard assay  Co-culture assay Type T focifvessel, mean = SE {-statistic; mean = SE
no.* 0.063 0.200 0.063 0.200 Control 0.0633 0.200 0.0633 0.200 Average
Serum lot A
1B (4) 16 4 61 30 0.26 = 0.11 3.24 = 078 748 + 1.85 124 = 272 20.6 + 2.38 16.5 » 2.29
1H (9) 10 3 74 37 0.72 = 0.13 6.830 =083 108 = 149 13.0 = 1.56 18.0 + 1.62 15,5 = 1.2
1D {4) 4 1 69 26 0.19 = 0.11 3.23 = 0.31 574 + 1.33 12.1 = 2.00 14.1 > (1,62 131 = 1.04
11 () 10 3 &7 44 (46 + 0.04 3.57 = 0.25 T79 = 0.54 R69 =077 170+ 1.78 12.8 + 1.66
1E (8 4 1 79 54 0.50 + 0.08 3.68 = 0.28 730 + 0,95 930 = 0.54 165.6 = 1.77 124 + 1.21
1F (5} 7 2 63 23 0.h4 = 0.15 3.16 = (1.73 824 = 1.16 803 = 1.10 16.0 = 1.56 12.0 = 1.61
K (D 6 3 G6 31 0.31 = 0.08 229 = (045 643 + 0.48 702 = 1.16 16.7 + 1.30 11.8 + 1.58
1C (4) 7 2 G6 28 0.67 0,51 4,18 = 254 634 = 1.45 746 = 1.29 13.3 = 237 104 > 1.67
1G (8 7 4 22 51 128 = 027 557 = 029 777 + 0.65 830+ 053 116 = 095 9,98 = 0.67
1A () 14 10 71 64 0.98 = 0.30 3.92 = 0.7% 793 + 0.71 6.09 = 1.01 12.9 * 1.40 952 = 1.A2
1L 10 0 70 33 .22 1.92 4.28 8.76 14.3 876
1J (3) 9 3 Kt 48 1.51 = (.64 5,92 x 1.55 G.26 *+ 1.30 781+ 0.16 851 = 048 8.19 x 2,48
Serum lot B
IN (6 30 20 74 68 463 = 1.11 11.3 = 1.63 14.7 = 2.67 9.20 = 468 114 £ 1.71 10.3 = 0.91
1P (4) 24 8 90 56 1.36 = 0.55 4.21 = 0.53 5.95 + 0.70 6.76 = 1.90 105 + 2.23 862 + 1.53
1Q (9 34 22 491 72 068 + 0,08 263 = 0.19 454 = 0561 .64 = 0.58 10.7 = 1.1 8.49 = .62
1L (8} 15 5 81 54 0.47 + 0.25 1.58 = 0.30 4.04 = 0.51 4.26 = 0.61 115 + 1.20 7.89 + 1.20
1R (5) 34 25 8 63 172 = 0,44 4,63 = 030 6.16 = 046 5.65 £ 0.81 873 = 390 719 > 0.99
IM (T) 15 4 83 61 0.78 =+ 0.20 2,78 = 0.29 4.84 = 1.16 496 = 0.74 837 + 1.34 6.66 + 0.87
10 (1t a7 20 85 69 0.58 = 0.16 217 + 0.37 3.83 x (.58 4.99 + 065 764 £ 0.90 6.31 = (.62
Median responses for serum lots A and B
Median A 8 3 Tl 35 0.52 3.72 7.39 254 158 11.9
Median B 30 20 83 63 0.78 2.8 4,84 5.65 10.5 7.89

Abbreviations: Amp. No,, ampule number; BaP, benzola pyrene; % RCE, percent relative cloning efficiency.

“The experimental parameter ampule number refers to the aliquot of eryopreserved cells used in a sequence of experiments. The numbets in
parentheses represent the number of experiments that used the same ampule of cells,

"The cvtotoxic response of BaP at the levels indicated in the 110 experiments was measured in either a standard or a co-culture clonal survival assay
(see Materials and Methods). The cytotoxic response represents the @RCE of the BaP-treated cell enltures reiative to the untreated cell cultures. The
median cytotoxic responses were determined by rank-ordering the responses from experiments that used the two different FBS lots.

“The BaP-induced transformation responses at the levels indicated were caleulated using a three-step procedure invelving the leg,, mathematical
transformed data (see Materials and Methods), The arithmetic value of the transformation response, or foci/vessel, represents the anti-log of the log,,

mean transformation response minus one.

“The significance of groups of BaP-induced transformation responses was caleulated using SAS software (29), as deseribed in the text, The t-statistic
according to the F-test was used to calculate the statistics in this table. The {-statistics of each treatiment dose were averaged to determine the average

{-statistic.

“Outlier ampule of cells. The cells from ampule IN had a very high average spontaneous transformation freguency that has been reported to be an
outlier relative to the other 17 ampules of cells used in this investigation (15). These frequencies resulted in significantly high statistical sensitivity,

most significant BaP transformation responses, with a
mean {-statistic of 16.5. This mean ¢-statistic was obtained
by averaging the mean t-statistics of 12.4 and 20.6 for the
0.0633 and 0.200 pg/mL BaP treatment doses, respec-
tively. Conversely, ampule 10 using FBS lot B had the least
significant BaP transformation response, with an average
t-statistic of 6.31.

The median significance of the experiments using F'BS
lot A and ampule of cells 1A-1T. was a t-statistic of 11,9
(Table 2). In contrast, the median significance of the
experiments using FBS lot B and ampule of cells 1L-1R
was much lower and had a t-statistic of 7.89. The over-
whelming majority of experiments using FBS lot A had
more sighificant transformation responses than those
detected in experiments using FBS lot B, if one excluded
experiments conducted with ¢ells from ampule IN. Experi-
ments using cells from ampule IN had an unusually high
spontaneous transformation response, and this ampule
has been reported to be a statistical outlier to the remain-

ing 17 ampules (75). The significance of the range of
experiments using FBS lot A was 8.19-16.5 versus the
range of experiments using FBS lot B of 6.31-8.62. There-
fore, the use of different lots of FBS not only affected the
absolute magnitude of the BaP transformation response
(Table 1), but it also had a correspending effect on the
relative significance of the BaP transformation response,
Therefore, the data presented in Table 2 demonstrated
that much of the variability associated with BaP-induced
transformation responses was correlated with the nse of
different FBS lots and different ampules of eryopreserved
cells. Conversely, if the BaP-induced responses were com-
pared for experiments using the same FBS lot and ampule
of cells, then the average BuP responses were remarkably
similar in magnitude.

Culture Passage Level. The laboratory cultures used in
these experiments included passage pd—p22; thus, it was
possible that cells from different passage levels could have
had different detection sensitivities for BaP. The data
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summarizing the effect of passage level on BaP transfor-
mation responses are presented in Table Al. The experi-
ments with the different BaP detection sensitivities were
rank-ordered from the experiment with the highest to the
lowest sensitivities for each ampule of cells. Because the
experiments had increasing passage number for increas-
ing experiment numbers, an effect of passage on the
significance of the BaP transformation response would
result in a sequencing the experiments for each ampule of
cells. These data clearly showed that increasing passage
level of laboratory eultures had no effect on the detection
sensitivity for BaP. The same conclusion was reached if the
0.20 wg/mL BaP treatment alone or the .063 pg/mL BaP
treatment alone were used to rank-order the data.
Frequency of Spontaneous Transformation. The fre-
quencies of spontaheous transformation and BaP-induced
transformation responses detected in the 110 experiments
both included activities that were high and low relative to
the median activities. If the two types of activities were
mechanistically related, then an elevated frequency of
spontaneous transformation eould have automatically
resulted in an elevated BaP response. However, the data
presented in Table 2 demonstrated that an elevated BaP-
induced transformation response did not automatically
correlate with an elevated spontaneous transformation
frequency. For example, the highest BaP responses were
detected in experiments using FBS lot A and ampule 1H, in
which cells had a spontanesus frequency of .72 type I11
foci/vessel. The type 111 transformation responses for the
0.200 and the 0.0633 wg/mL treatment doses were 10.8
foci/ vessel and 6.08 foci/vessel, respectively. These
responses were far higher than those detected for experi-
ments that used FBS lot A and ampule 1J cells that had a
relatively high spontaneous transformation frequency of
1.51 type 111 foci/vessel. The BaP-induced type I11 trans-
formation responses for these experiments were 6.26 and
5.92 type III focifvessel for the 0.20 and 0.0633 pg/mL
BaP treatment doses. Likewise, experiments using
ampules of cells 1G, 14, IN, 1P, and 1R all had relatively high
average spontaneous frequencies > 1.00 type 111 foci/

vessel, However, the significance of average BaP-induced
transformation responses in experiments using 1G, 14, and
1R ampules of cells included experiments with relatively
low average {-statistics, and ampules 1IN and 1P had rela-
tively high average {-statistics. Thus, the occurrence of
type 111 foei, whether spontaneous or due to BaP-indue-
tion, appeared independently of one another.

Effect of Statistical Sensitivity on Detection
Sensitivity for BaP

Frequencies of spontaneous transformation in this
investigation in individual experiments ranged from 0.035
{ampule 1B, experiment 5) fo 8.01 (ampule 1N, experiment
82) type 111 foci/vessel (Tuble Al). Experiments with high
spontaneous frequencies had high statistical sensitivity
and required a relatively small increase in the BaP-induced
response to he statistically significant, Experiments with
low spontaneous frequencies had low statistical sen-
gitivities and required a relatively large increase in the
BaP-indueed response to be statistically significant. (The
procedure for calculating the statistical sensitivity for
individual experiments is explained in the Materials and
Methods.)

The spontaneous transformation statistical sensitivities
measured in 110 experiments are summarized in Table 3
and compared in detail in Table A2, The statistical sen-
sitivities were divided into 4 groups: group S, 12 experi-
ments with significantly high sensitivity; group S2, 36
experiments with above average sengitivity; group S3, 53
experiments with below average sensitivity; and group S4,
9 experiments had significantly low sensitivity. Therefore,
a total of 89/110 or 80.9% (Groups S2 + S3) of the experi-
ments had statistical sensitivities that were not signifi-
cantly different from the statistical sensitivity of the
median experiment. In contrast, 3/110 or 8.2% (group S4)
of the experiments had a significantly low statistical sen-
sitivity, and a spontaneous frequency that was less than
approximately .20 type 111 foci/vessel. Experiment 5 with
a spontaneous frequency of 0.035 type 111 foci/vessel was

Tahle 3. Comparison of experimentis with different statistical sensitivities with their detection sensitivilies for BaP.

Spontanecus transformation statistical sensitivity®

. . . - . 1
BaP transformation detection sensitivity”

Level % of experiments Level % of experitnents
Experiments with significantly high sensitivity to detect BaP {group B1)
Group S1 Significantly high 100 (12/12) High 33.3 (4/12)
Group 82 Above average 100 (36/36) High 41.7 (15/36)
Group 53 Below average 100 (53/53) High 17.0 (9/53)
Group 84 Significantly low 100 (%9 High 0 (/9

Total (110/110) Total (28/110)

Experiments with significantly low sensitivity to detect BaP (group B3)
Group 81 Significantly high 100 (12/12) Low 16.7 (2/12)
Groop 82 Above average 100 (36/36) Low 16.7 (6/36)
Gronp 53 Below average 100 (53/53) Low 28.3 (15/53)
Group 54 Significantly low 100 (9/9) Low 66.7 (6/9)

Total {(110/110)

Total (29/110)

*Variahle spontaneous frequencies resulted in experiments with different statistical sensitivities to detect chemical-induced transformation (see

t

Materi:?]s and Methods), The spontaneous frequencies and the corresponding statistical sensitivities of 110 experiments are listed in Table A2,
"Variable experimental BaP-induced transformation responses results in experiments were due to experiments with different sensitivities to detect

BaP-induced transformation (see Materials and Methods). The relative detection sensitivities for BaP of 110 experiments are listed in Table A2.
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5.3-fold less sensitive than the median experiment. Con-
versely, 12/110 or 10.9% (group S1) of the experiments had a
significantly high statistical sensitivity, and a spontinecus
frequency greater than approximately 2.5 foci/fvessel.
Experiment 82 with a spontaneous frequency of 8.01 type
III focifvessel and was 6.3-fold more sensitive than the
median experiment.

BaP-induced transformation responses in individual
experiments ranged from a ¢-statistic of 22.7in experiment
43 (ampule 1H) to a f-statistic of 118 in experiment 62
{ampule 1L). Experiments with BaP transformation
responses higher than the median response had a higher
detection sensitivity to detect BaP, and conversely, experi-
ments with BaP transformation responses lower than the
median response had a lower detection sensitivity to
detect BaP, (The method for caleulating the detection
sensitivity for BaP is described in Materials and
Methods.) The detection sensitivity for BaP for the 110
experiments was divided into three groups: group Bl, 28
experiments had a significantly high (p<0.05) sensitivity
for BaP; group B2, 29 experiments had a sighificantly low
{p<0.05) sensitivity for BaF, and group B3, 53 experiments
with sensitivities indistinguishable from the median
experiment.

Taken together, the data in Table 3 show that low statis-
tical sensitivities of experiments directly effected the
experimental detection sensgitivity for BaP. The nine
experiments with significantly low statistical sensitivities
had no experiments ((/9) with significantly high detection
gensitivity. In contrast, 66.7% (6/9) of the experiments
with significantly low statistical sensitivity had signifi-
cantly low detection sensitivity for BaP. Thus, a signifi-
cantly low spontaneous transformation frequency in a
experiment was highly correlated with a significantly low
BaP transformation response.

In contrast to the experiments with significantly low
statistical sensitivity, experiments with high statistical
sensitivities or high spontaneous transformation frequen-
cies have no apparent effect on the detection sensitivity for
BaP. The 11 experiments with signifieantly high statistical
sensitivity had 36.4% (4/11) experiments with significantly
high detection sensitivity. The 36 experiments with above
average statistical sensitivity had a comparable 41.7%
(15/36) experiments with significantly high detection sen-
sitivity. Likewise, the 11 experiments with significantly
high statistical sensitivity had 18.2% (2/11) experiments
with significantly low detection sensitivity for BaP. The 36
experiments with above average statistical sensitivity had
a comparable 16.7% (6/36) experiments with significantly
low detection sensitivity.

Comparison of BaP Transformation
Responses Scored for Type III versus
Type I-III Foci

Spontaneous and BaP-induced transformed foci
occurred as a continuum of different sizes and morphologi-
cal types; thus, BaP transformation responses could be
expressed at type I, II, IT1, I-I1, II-I1I or I-111 foci/vessel.
Table 4 presents a summary of experiments in which hoth

type IIT and type [-ITI spontaneous and BaP-induced
transformation activities were simultaneously scored and
recorded. The transforming activity data from individual
experiments are provided in detail in Table Al. The selec-
tion of type III and I-III transformation activities was
arbitrary, and the type I + II transformation response can
be caleulated directly by subtracting the type I1I response
from the type I-11I response.

The median transformation response for experiments
using FBS lot A and 0.200 wg/mL BaP was 20.1 type I-1I1
foci/vessel and 7.39 type 111/foci/vessel. Thus, the type I-
ITT BaP-induced response was 2.86-fold higher (e,
20.1/7.39 = 2.86) than the type III response. Further-
more, the median BaP transformation response contained
12.71 type I +1II focifvessel (e, 20.1 — 739 = 1271). A
comparable caleulation revealed that the median (.0633
BaP type I-III response was 2.29-fold higher than the
type IIT respense. Likewise, the median spontaneous
transformation type 1-111 frequency was 2.26-fold higher
than the type III response. Therefore, the ratio of type I-
ITT foei to the type I11 foci was approximately 2-fold and
was roughly equal for the spontaneous transformation
frequency and the BaP-induced transformation responses
deteeted in experiments using FBS lot A. The same 2-fold
ratio of type I-III foci to type III was observed in
experiments using FBS lot B. Taken together, these data
showed that BaP induced the same ratio of type [1I and
type I + 11 foci that appeared spontaneously in the culture
vessels. Furthermore, an approximately 2-fold ratio of
type I-I11 to type I1I foci was observed in experiments
using different ampules of cells and FBS lots,

Because BaP did not alter the ratio of type 111 versus
type I-111 foci/vessel in most experiments, than the exper-
iments scored for type III versus type I-III foei should
have had approximately the same detection sensitivities
for BaF. The data in Table 4 verify this prediction. The
median average {-statistic for experiments using FBS lot
A was 119 for the type [1l transformation response and
14.1 for the type I-111 response. Taken together, a 2.6-fold
increase (2.29 + 2.86/2 = 2.60) in the type I-1II foci versus
the type III foei resulted in only a 1.2-fold increase in the
average t-statistie for experiments using FBS lot A. The
average f-statistic for experiments using FBS lot B were
only 1.14-fold higher for the type I-111 versus the type I1I
response. Furthermore, the average t-statistics for type
IIT versus type I-111 BaP-induced transformation
responses were roughly equal for experiments that used
different ampules of cells.

Discussion

The purpose of this investigation was to determine
experimental parameters that correlated with the variable
detection of chemical-induced transformation of BALB/
¢-3T3 cells. BaP was selected for this investigation because
it induced reproducible, significant transformation
responses. Furthermore, 48-hr BaP treatments indueed
eytotoxie and transformation responses that both exhib-
ited dose-related inereases in activity (Table 1). Likewise,
BaP has been reported to be mutagenic only when the




300 E. J MATTHEWS
Table 4. Comparison of the magnitude and the significance of type 111 versus type I-1I]1 BaP-induced transformation responses.
Transformation responses, foci/vessel’ Significance (f-statistic)®
Amp BaP, pg/mL BaP, pg/ml
no." Contral 0.0633 0.200 0.0633 0.200 Average
Median responses detected using FBS lots A and B
Median A 0.52/1.45 3.72/8.41 7.39/20.01 8.54/9.66 15.8/19.0 11.9/14.1
Median B 0.78/1.52 2.78/5.19 4.84/9.86 5.65/6.35 10.5/10.5 T.8%/11.4
Responses detected using FBS lot A
1B (4) 0.26/ND" 3.24/ND T48/ND 12.4/ND 206/ND 16.5/ND
1H %) 0.72/1.46 6.80/154 10.8/28.1 13.0/13.6 18.0/20.6 15.5/171
1D (4} 0.19/0.36 3.23/7.13 5.74/14.9 12.1/154 14.1/21.2 13.1/18.3
1l (5 0.46/1.04 3.57/8.12 7.79/23.1 8.69/9.26 179/18.8 12.8/14.0
1E (8) 0.50/1.13 3.68/8.36 7.30/19.1 9.30/9.84 15.6/19.2 12.4/14.5
1F (3) 0.54/5.72 3.76/16.1 8.24/26.0 8.03/9.09 16.0/17.5 12.0/13.3
1K (7) 0.31/0.70 2.29/5.90 6.43/19.5 7.02/9.99 16.7/22.8 11.8/164
1C ) 0.67/1.43 4,18/8.46 6.34/14.1 746/9.48 13.3/18.7 10.4/14.1
1G (8) 1.28/3.02 5.57/14.2 7777213 8.39/9.95 11.6/15.9 0.98/12.9
1A {4) 0.98/ND 3.92/ND T93/ND G.09/ND 12.9/ND 9.52/ND
1L (1) .22/0.38 1.82/4.43 4.28/13.8 8.76/7917 14.3/20.5 876/14.1
1J (3} 1.51/4.73 5.92/18.1 6.26/20.6 7.87/8.17 8.51/9.59 8.14/8.88
Responses detected using FBS lot B
IN (6)* 4.63/9.16 11.3/254 14.7/35.1 9.20/10.0 11.4/13.3 10.3/11.7
1P (4} 1.36/3.05 4.21/5.00 5.80/12.7 6.76/7.60 16.5/10.5 5.62/9.00
1Q (M 0.58/1.03 2.63/4.92 4.54/8.82 6.64/7.49 10.7/11.5 3.49/9.50
1L (8) 0.47/1.00 1.68/3.31 4.04/8.92 4.26/5.19 11.5/12.8 7.89/9.00
1R (5} 1.72/6.25 4.53/10.8 6.16/15.7 5.65/6.35 8.73/10.5 7.19/8.43
1M A7) 0.78/1.52 2.78/5.19 4.84/9.86 4.96/5.98 8.37/9.69 6.66/7.84
10 (1 0.58/0.87 2.17/3.67 3.83/5.17 4.99/5.42 7.64/8.15 6.31/6.79

Abbreviations: Amp. no., ampule number; BaP, benzol «Jpyrene; NI, not determined.

“The experimental parameter ampule number refers to the aliquot of eryopreserved cells used in a sequence of experiments. The numbers in
parentheses represent the number of experiments that used the same ampule of cells,

"The BaP-induced transformation responses were calenlated using a three-step procedure involving the log,, mathematical transformed data (see
Materials and Methods). The arithmetic value of the transformation respense, or foci/vessel, represents the anti-leg of the log,,, meun transformation

response minus one.

“The significance of groups of BaP-induced transformation responses was ealeulated using SAS software (24), as described in the text. The ¢-statistic
according to the F-test was used to ealeulate the statistics in this table. The i-statisties of each treatment dose were averaged to determine the average

t-statistie.

‘Becanse type I-11 foci were not scored in experiments 1-6 using ampules 1A and 1B, the type I-III foci response could not be determined.
“Outlier ampule of cells. The cells from ampule 1N had a very high average spontaneous transformation frequency that has been reported to be an
outlier relutive to the other 17 ampules of cells used in this investigation (25), These frequencies resulted in significantly high statistical sensitivity.

parent form of the chemical was metabolized into an
electrophilic form (9), and BALB/e-3T8 cells have been
reported to metabolize BaP (4,25-26). Therefore, experi-
mental factors affecting cellular metabolism, as well as the
expression of the transformed phenotype, could affect the
induection of BaP eytotoxic and transformation responses.

This investigation determined that three different
experimental parameters can result in variable detection
of the BaP-induced transformation response. First,
despite our attempts to minimize the known effect of
serum on the expression of transformation (4,75 27-29)
through screening of FBS lots (710), the induction of BaP-
induced transformation were still correlated with the use
of different serum lots. The transformation responses and
cytotoxie responses were demonstrated Lo be significantly
higher for FBS lot A verses FBS lot B (Table 1). The
mechanism by which FBS affected the BaP-induced
cytotoxic and transformation responses is not known, but
it eould be related to the metabolism of BaP by the BALB/
¢-3T3 cells (25,26). Different FBS lots may alter either the
kinetics of the uptake of BaP, or the metabolism of BaP,
and this could modulate the cytotoxicity of the BaP. An

experimental parameter that changed the BaP-induced
eytotoxic response could simultaneously change the BaP-
induced transformation response as.well. These investiga-
tions did eliminate a number of potential explanations for
the FBS-dependent BaP transformation. responses.
Because all experiments were condueted with a single
source of BaP, and aliquots of BaP were obtained from-
frozen vials of BaP, the FBS-dependent variable
responses were not related to the BaP used in the experi-
ments., In addition, these experiments used only one
eryopreserved pool of cells; thus, the origin of the cells
used in the experiments could not explain the results.
Although the different ampules of cells from the same
eryopreserved pool were shown to affect the BaP transfor-
mation response (Table 2), the average BaP transforma-
tion responses of most ampules of cells were separated
from one another on the basis on the FBS lot used.
Fortunately, the FBS effect on BaP-induced transfor-
mation response demonstrated in this investigation was
not an insurmountable technical problem for the BALB/
¢-3T3 cell transformation assay. Because the FBS-
dependent transformation response is elearly related to
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the cytotoxic response of BaP, comparable BaP transfor-
mation responses could be obtained by merely adjusting
the concentration of BaP so that experiments conducted
with different FBS lots had comparable cytotoxic
responses for the BaP. For example, in this investigation
the 0.0633 ng/mL BaP treatment dose with FBS lot A had
hearly the same cytotoxic and transformation responses
as the 0.200 pg/ml treatment dose for FBS lot B. Simi-
larly, the transformation response of 0.633 pg/mL BaP in
an experiment using FBS lot B was comparable to that
obtained with 0.200 pg/mL BaP using FBS lot A
(unpublished data).

The second experimental parameter to atfect the detec-
tion of BaP transformation was correlated with the use of
different ampule of cells to initiate laboratory cultures
{Table 2), Thus, the lowest variability among BaP-induced
transformation and cytotoxic responses was observed
when experiments were conducted with a single FBS lot
and a single ampule of cells. In contrast, variability among
BaP-induced transformation and cytotoxic responses were
not correlated with increasing passage levels of laboratory
stock cultures (Table Al). This observation conflicts with
data presented in a recent report by Sheu et al. {30), who
showed that the magnitude of MCA-induced transforma-
tion increased with serial passage of WT A31-1-1 BALB/
c-3T3 cells.

There are two possible explanations for conflicting
results regarding the effect of passage level of cultures on
chemical-induced transformation responses obtained in
these two investigations. First, this investigation used the
1-13 clone of BALB/e-3T3 cells, and Sheu et al. (0) used
the 1-1 clone. The phenotypic stability of the 1-1 clone may
he less than that of the 1-13 clone, and may exhibit an
increased probability of transformation with passage.
Second, the frequency of this phenomenon may vary
between the two clones of cells. While passage-related
increases in the significance of the average t-statistic BaP
transformation response (i.e., two-treatment dose
response) was not observed for any of the ampules of cells,
passage-related increases in the foci/vessel BaP-induced
transformation response were observed for the 0.20 g/
mL BaP treatment dose. These passage-related increases
were observed in enly 4 of the 18 ampules of eells (ie, 11, 1d,
1D, 1K; refer to Table Al); thus, 14 of 18 ampules did not
exhibit a passage-related increase in the focus/vessel
activity, At the lower BaP treatment dose 0.063 pg/mL,
the passage-related increase in foci/vessel was only
observed for cells from ampule LJ. Thus, a passage-
dependent increase in the foci/vessel, chemical-induced
transformation response was a rare event in this investi-
gation and observed for only 1 of 18 ampules of cells.

The third experimental parameter shown to affect the
BaP transformation response was the magnitude of the
frequency of spontaneous transformation. A total of 10.9%
(12/110) of the experiments in this investigation had signifi-
cantly high statistical sensitivities, and 8.2% (9/110) of the
experiments had significantly low statistical sensitivities
{Table A2). Thus, 19.1% of the experiments in this investi-
gation had spontaneous transformation frequencies that
resulted in significantly high or low statistical sensitivity.

Rather than arbitrarily excluding these experiments from
the investigation, the impact of high or low statistical
sensitivity was examined on the probability of detection
either high or low BaP-induced transformation responses
(Tahle 3). These analyses revealed that the detection sen-
sitivity for BaP was demonstrated to be diminished in
experiments that used cells that had low spontaneous
transformation frequencies and had significantly low sta-
tistical sensitivity. In contrast, the detection sensitivity for
BaP was not changed in experiments that used cells that
had high spontaneous transformation frequencies and had
significantly high statistical sensitivity.

This is an important observation because it shows that
each transformation experiment has its own unique statis-
tical sensitivity, as well as its own detection sensitivity for
BaP. Furthermore, this implies that each experiment could
have had a different statistical sensitivity and detection
sensitivity for other test chemicals, Thus, experiments
with spontaneous transformation frequencies lower than
about 0.20 type 111/foci vessel have a significant dimin-
ished capability to detect chemical-induced transforma-
tion of BALB/e-3T3 cells. However, experiments with high
gpontaneous transformation frequencies and significantly
high statistical sensitivities have no altered sensitivity to
detect BaP. Comparahle experimental variability among
statistical sensitivities and chemical detection sensitivities
would be predicted for other in witro mammalian cell
assays that have detected chemical-induced genotoxic
activity in a large series of experiments.

Although the mechanism by which BaP-induced trans-
formation of the 1-13 clone of BALB/c-3T3 cells was not the
objective of this investigation, this investigation presents
three lines of evidence that are consistent the hypothesis
that BaP-indueed a mutation{(s) in the WT cells and this
resulted in the induction of the transformed phenotype
(81). According to this hypothesis, the WT cells were
genetically altered by the BaP, and the transformed cells
acquired the phenotypic capacity to grow within the
contact-inhibited monolayer of WT cells. In support of this
hypothesis, spontaneous and chemical-induced trans-
formed phenctype of the 1-13 clone of BALB/c-3T3 cells
have both been reported to be stable through many popu-
lation doublings (16,14,20). In addition, recent evidence
reported from this laboratory support the hypothesis that
spontaneous transformation was a mutation of the
contact-inhibited phenotype of WT BALB/c-3T3 cells (10).
In a related cell transformation system, Grisham has
reported that MNNG-induced transformation of C3HI0T1/2
cells was cansed by a mutation of the WT cells (32,33).

The first line of evidence was related to the direct
dependence of BaP-induced transformation responses of
BALB/c-3T3 cells on the BaP-induced cytotoxic responses.
In experiments using FBS lot A, (.20 pg/mL BaP induced
a median response of .76 type 111 foci/vessel and a median
38% RCE (Table 1). At the lower treatment dose of 0.063
pg/ml, BaP induced a reduced median response of 3.93
type III foci/vessel and a median 75% RCE. Thus, the
absolute magnitude of the BaP transformation response
was inversely related to the %RCE and directly related to
the eytotoxic response of the chemical treatment. Compay-




able observations have been reached for chemical-induced
mutations at the HGPRT locus in Chinese hamster ovary
cells (24) and the TK '~ locus in L5LT8Y cells (35).

The second line of evidence comes from analyses of
transformation responses detected in cultures initiated at
different seeding densities. Spontaneous transformation
frequencies have been shown to be expressed at the same
frequency in cultures seeded at different densities (16). In
contrast, we have shown that the frequency of chemical-
induced transformation detected in MNNG-treated
BALB/¢-3T3 cells increased proportionally over a range of
seeding densities of 1-10 x 10? cells/vessel (unpublished
data). In addition, BaP induced highly significant transfor-
mation at seeding densities of 3.2 x 104 cells/vessel, but it
was inactive at 0.32 x 107 cells/vessel (unpublished data).
In these experiments the cytotoxic activities of individual
MNNG and BaP treatment doses were identical at the
different seeding densities. Therefore, the increases in
MNNG and BaP-induced transformation responses with
increasing seeding density were most likely due to an
increased number of genetically damaged cells at the
higher seeding densities.

The third line of evidence comes from ecnsideration of
the metabolism of BaP by BALB/¢-3T3 cells (25,26). The
electrophilic or mutagenic form of BaP is a metabolite of
BaP and not the parent compound (9). The direct-acting
mutagenic form of BaP, benzolalpyrene-7,8-dihydro-
diol-9,10-diolepoxide-anti, has a comparable cytotoxic
activity as the parent BaP, and induced comparable trans-
formation of the BALB/¢-3T3 cells {unpublished data). In
contrast, in other mammalian cell systems in which the
parent BaP is inactive as a mutagen, and no evidence of
metabolism by the WT cells has been reported, BaP is
ohserved to be relatively noncytotoxice to the target cells.
Furthermore, if BaP was acting as a mutagen in these
experiments, then the magnitude of BaP-induced transfor-
mation should have been correlated to experimental
parameters that affected metabolism of BaP by BALB/
¢-3T3 cells, such as the duration of the treatment and the
cytotoxic activity of the freatments, In suppert of this
conclusion, we have observed that the eytotoxic response
of BaP is time dependent, and the LD, for treatment
times of 4 and 48-hr are about 2.0 and 0.10 pg/mL BaP.

This study also compared the frequency of spontaneous
transformation and BaP-induced transformation re-
sponses in individual experiments. The data show that the
two Lypes of transformation responses are clearly dissoci-
ated from one another, The data presented in Table 2, as
well as in Table Al, demonstrate that the average BaP-
induced response was normally distributed for the 18
ampules, and responses ranged approximately 3-fold. For
example, ampule 1L cells exhibited consistently low
responses, and ampule 1H cells exhibited consistently high
responses. A comparable effect of cell ampule on the
spontaneous transformation frequency has been reported
for the same experiments (10); however, high and low
spontaneous frequencies occurred in different ampules of
cells from these that exhibited high and low BaP-induced
transformation responses. Therefore, BaP-induced trang-
formation responses did not increase in proportion to

changes in spontaneous transformation of WT cells. If the
two frequencies had been proportionally linked in their
expression, then BaP might have caused transformation of
the BALB/e-3T3 eells by a nonmutational mechanism. For
example, BaP might have enhanced the expression of
spontaneous transformed cells that were suppressed by
WT cells. In support of this possible mechanism of chemi-
cal action, it has been reported that phorbol esters blocked
the suppression of SV40 virus-transformed BALB/¢-3T3
cells by WT cells (36).

While the magnitude of the BaP-induced transforma-
tion response did not correlate with the frequency of
gpontaneous transformation in most experiments, there
may have been one interesting exception to this observa-
tion. The frequency of spontaneous transformation is
theoretically composed of both preexisting (20} variants
and cells that spontaneously transformed during the
experiment. In contrast to transformants that arise spon-
taneously during the course of the experiment, preexisting
‘variants represent transformed cells that arise spon-
taneously in laboratory cultures that supply cells for
transformation experiments. Although we found little evi-
dence in this investigation for the presence of preexisting
variants in most experiments, we noted that preexisting
variants may have been present in an outlier experiment,
no. 62 (10). If the frequency of preexisting variants is high
relative to the background level of spontaneous transfor-
mation, they could make it difficult to detect the BaP-
induced transformation response. This prediction was ver-
ified, and experiment 62 was the only experiment among
110 experiments in which BaP did not induee significant
transformation.

The data from this study were also used to determine
the appropriate units to use for the BaP-induced transfor-
mation response. In an earlier study we determined that
the frequency of spontaneouns transformation was directly
related to the cumulative number of cell mitoses, and this
frequency could be expressed at the number of foci/eell
that survived and proliferated to confluence (10). The
frequency of spontaneous transformation has been
reported to be about 0.71 > 10°% for type III foci and
1.65 x 10°% for the combined total of type I-111 foci (10).
These frequencies were calculated based on the absolute
number of foci detected in a contact-inhibited cell mono-
layer containing an estimated & x 107 cells/60-mm dish.
This response corresponded to the absolute number of
type III foci detected and median response of 0.57 foel/

vessel (10). It was also demonstrated that the detection of .

spontaneous transformation was independent of the initial
seeding density of WT cells over a range of 0.1-3.2 x 10*
cells/vessel. Furthermore, the frequency of spontaneous
transformation was not dependent on the cytotoxicity of
any chemical treatment because all solvent vehicles were
used at noneytotoxic coneentrations (17).

Thus, the choice of the proper method for expressing the
BaP-induced transformation response was a more complex
decision than that for expressing the frequency of spon-
taneous transformation. In contrast to the frequency of
spontaneous transformation, the BaP-induced transfor-
mation was dependent on the initial seeding density of the

W
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cell cultures and the eytotoxicity of the treatment dose. In
this respect, the activity of BaP was comparable to that of
a chemical being tested for mutagenic activity. However,
the expression of the transformation phenotype also
depends on the cumulative number of mitoses (10). Thus,
the BaP transformation response is directly influenced by
three separate experimental parameters: cell seeding den-
sity, eytotoxicity of the treatment dose, and the cumulative
number of cell mitoses. Taken together, the most appropri-
ate method for expressing the BaP transformaticn
response is in terms of foci/vessel.

Finally, the large shift in BaP-induced cytotoxic
responses detected in the two types of clonal survival
assays used in this investigation is similar to that reported
for other test chemicals (16,17). The LD, detected in the
standard clonal survival assay using 200 cells was 10-fold
lower than the LD, detected in the modified clonal sur-
vival assay using 3.2 x 10* WT and 200 QUAY cells. In
other words, the BaP was much less cytotoxic to the
relatively high cell densities used in transformation assays
than to the low density cultures of 200 cells. The mecha-
nism for this difference in eytotoxic activities is unknown,
but it has been detected for several chemicals (16,17).

The opinions expressed in this paper are solely those of the author and
do not necessarily reflect the positions of the US. Food and Drug
Adminigtration,
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Table Al. Evaluation of BaP-induced cytotoxic and transformation responses in 110 experiments.

Cytotoxic Response” Transforming activity® Transformation response®

significance®

{% RCE) (focus type) (foci/vessel) {t-Statistic)
Stand. A Co-culture 4 BaP (pg/ml) BaP (pg/ml) BaP {ng/ml}

Exp. R ugﬂ’;‘;) Cont. 0.633 .200 Cont. 0.633 .200 L0633 200 MG,
ng,* . R ' III/I-1IT (n) INI/I-II1 (n} IIL/I-III (n} III/I-11T 111/1-111 II1/I-F11 I11/1-111 ILI/1-111 II11/I-111
Serum 1ot A

Ampule 1B [16.5 £ 2.29]
6A 14 2 8 3 18/ MND(36) 101/ ND(18) 175/ NO(18) 35/ MO 542/ Np 9.16/ N 19.8 7 N0 18.5 7 N 19.2 / NA
7 3 2 57 4B 7/ 13(36) 41/ TI€20) 212/337(1%) 167 .22 1.81/3.07 10,0 f15.9 7.07/8.58 26.6 /24.7 16.8 /16.6
&8 8 3 8 3 24/ NC(3B) 69/ ND(20) 141/ ND(20) S 8 3147 6.80/ hO 0.1 / N0 21.9 7 w0 16.0 / NA
5 13 8 13 ¢ 2/ ND(40) 57/ wno(20) B3/ WD (19) 04/ N0 2.58/ wp 3.97/ WD 12.5 7 n0 15,5 7/ np 140 / NA
AVG. 10 4 61 30 26l v 3.244 g 7.481 Mo 12475 % 206/ % 165/ M
Ampule 1H 15.5 £ 1.23]
43 5 1 78 53 447109¢35) 270/600¢20) 382/777(20) 1.05/1.82 13.0 /27.4 18B.9 /38.6 19.0 /16.9 26.3 s23.3 22.7 /20.1
41 6 1 78 34 137 19(36) 123/235(18) 189/52%(18) 27 W61 6.377/12.1 1002 f28.1 17.1 719.7 23.1 /28.4 20.1 /24.1
38 9 2 75 28 27/ S2¢40) 162/342(20) 174741620 .50/1.08 7.75/15.8 B.17/19.8 18.0 /17.5 15.6 /20.2 16.8 /18.9
39 4 1 65 24 27/ TO40Y 14574570200  172/519(20) 437 .96 6.84/21.0  B.04/22.3 15.8 /17.3 15.9 /14.3 15.9 /15.8
42 6 2 65 36 52/ 7940y 151/393(19) 280/784(20) JBas1.32 TU44/17.5 13.7 /378 9.55/11.9 20.2 /23.9 14.9 /17.9
45 2B 9 B& 42 7/ 25¢59)  77/173(20) 186/589(20) 201,57 3.42/7.94  B.9B/2B. 7.04/8.61 19.5 s23.4 13.3 /16.0
40 g 1 7% 40 28/ 59(40) 101/213(18) 182/7470(19) .53/ .75 4.86/10.2 8.71/23.5 9.93/11.7 14.9 s22.5 12.4 /17.1
4 14 5 &7 26 77/197¢40) 137/352(20) 335/885(20) 1.52/3.70 6.15/13.7 15.8 /42.2 7.33/6.61 16.3 s18.0 1i.8 /12.3
37 7 2 77 46 32/ 75(39) 113/295¢20) 101/300¢20) .63/1.50 S5.38/13.3  4.59/12.6 13.5 s12.3  9.94/11.46 11.7 /11.9
AVG. 18 3 74 37 72r1.46 6.80/15.4 10.8 128. 13.0 /13.6 18.0 /120.6 155 /17.1
Ampule 1D [13.1 + 1.04]
15 4 1 57 12 107 17¢39)  T2/147(20) 209/474(20) 97 031 3.40/6.85  8.95/22,4 4.9 6.7 15.8 /27,3 16.4 /220
13 2 1 75 3 117 18(40)  66/133¢20)  95/248(20) .20/ .34 3.14/76.42  4.38/11.8 157 176 t4.2 g22.1 165.0 /19.9
12 7B*1* 9O*114* 8/ 18¢40)  B1/183¢17)  61/160(19) 16/ .31 3.94/B.68 2.90/8.24  10.5 s16.8 13.1 /15.6 11.8 /16.2
14 5 2 75 3% 127 20¢40)  61/178(20) 1777402(20) 21/ W46 2.45/56.55 6.73/17.1 7.12/10.3 13.3 /19.8 10.2 /15.1
*SA & CCA accidentally not dosed with BaP
AVG. 4 1 69 26 197 36 3.23/7.13 5.74/14.9 1201 /154 14.1 /212 13.1 /183
Ampule 11 [12.8 + 1.66]
50 8B 4 97 ™ 20/ 38¢39) 108/269(20) 172/554(20) 38/ .76 4.01/8.65 B8.37/25.6 8.09/8.45 22.9 /21.4 155 /14.9
49 3 0 88 58 22f 40(40y  B7/235(20) 1BB/SAS(1H) 437 .81 3.94/9.68  9.26/28.0  11.3 s13.5 18.5 /23.5 14.9 /185
47 8 0 76 2B 31/101(3%y  BBs195(20) 173/456(20) 58/1.23 3.89/8.87 8.10/21.0 8.73/9.50 14.6 /4.8 11.7 /12.2
48 10 2 91 4B 29/ 630402  A37163(20) 14BsA42(20) 54/1.30 2.68/6.32  7.06/20.0 6.53/7.60 16.5 /i7.0 11.5 /12.3
46 22 6 B1 36 24/ BIC40)  TH/166(20) 127/423(20) 381,00 3.32/7.07 0 A.14720.8 8.90/7.23 12.5 /7.5 10.7 /12.4
AVG. 10 3 87 4 46/1.04 3.57/8.12 7.79/23.1 8.69/9.26 17.0 /18.8 12.8 /14.0
Ampule 1E [12.4 £ 1.21]
20 2 0 77 39 217 35(40)  997215(20) 26B/711(20) L37/ .66 4.0078.95 13.0 /3402 9.22/12.5 26.3 /30.7 17.8 /21.6
21 1 0 76 46 197 470400 637140019 133/323018) 357 .79 3117672 6.92/17.0 0 10.5 #10.0 15.8 /19.3 13.2 /147
22 7 2 B1 53 45/111(¢40) 116/229(20) 187/457(20) .8972.35 5.25/10.8 8.86/22.1 2.33710.3 16.0 s20.4 12.7 /15.4
16 5 1 77 48 17/ 35(36)  58/126(17) 13%9/281(17) L3S LT3 2.7776.55  7.96/16.2 7.77/10.2 17.5 /23.5 12.6 /16.9
17 4 0 79 53 18/ 64(40)  86/195(20)  94/248(20) .33/ .83 3.91/9.09 4.43/11.9  11.6 s12.3 13.5 /15.0 12.6 /13.7
19 2 0 63 8% 187 65(38) 100/293(20)  99/336(20) 36/ .70 4.02/11.7 0 4617165 1006 £10.9 13.4 f18.6 12,0 /14.8
18 g 2 79 46 33/ 85(40) 86/195(20) 125/367(20) 66/1.41 3.35/6.91 5.91/17.8 7.28/6.80 13.0 /17.4 10.1 /1Z2.1
23 5 0100 &1 23/ 96(27)  S57/115(18) 157/378(18) B6/1.56 3.04/6.12  6.71/16.8 8.07/5.75 9.25/8.30 B8.66/7.03
AVG. 4 1 79 54 .50/1.13 3.68/8.36 7.30/19.1 9.30/2.84 15.6 /19.2 12.5 /14.5
Ampule 1f [12.0 + 1.61]
26 1 0 %% 14 46/378(40)  1447643(20) 204/722(20) .91/8.90 6.58/31.3 $.88/35.7 10.5 /4.7 17.8 /21.8 14.2 /18.3
25 K0 oND T3 27 5/238(36) 59/212(18) 192/472(18) .10/5.57 2.55/10.0 9.74/25.6 7.52/3.36 19.9%/15.0 13.7 /9.18
28 7 3 68 29 41/124¢40)  62/185¢20) 189/552(20) .B8272.86 2.78f 8.34 9.02/26.2 5.73/8.51 16.9 s21.3 11.3 /14.9
24 6 0 70 19 18/119¢40)  B&/211¢20)  B3/341(20) 31/2.63 3.73/15.9  3.65/9.81 10.7 /13.3 10.7 /9.47 10.7 /11.4
27T 13 4 47 34 31/327(36)  73/285¢18) 170/601¢18) .56/8.66 3.18/14.9 B.90/32.9 5.71/5.56 14.8 /19.9 10.3 /12.7
AG. 7 2 63 23 b4i5 72 3.76/16.1  8.24/26.0 8.03/9.09 16.0 /17.5 12.0 /13.3
AmpuTe 1K [11.8 + 1.58]
54 01 61 18 157 53¢40) 100/322(20) 105/350(20) 27 46 45271240 4757163 13.5 1201 13.8 /18,4 13,7 /15.3
88 15 & 61 34 10/ 21¢40)  71/132(¢20) 12B/454(20) 197 .39 1.B3s4.32 0 6.17/22.0 4.78/8.48 22.5 /32.4 13.6 /20.4
57 5 4 70 30 157 43(40)  37/100(20) 162/562(20) _2B/ .56 1.63/4.57 7.55/23.8 6.91/8.80 18.7 /17.5 12.8 /13.2
56 2 3 61 33 13/ 25(39)  33/105(20) 122/347¢20) 26/ .51 1.47/3.95 5.54/15.9 6.97/9.06 16.5 s21.8 11.7 /15.4
55 4 2 62 24 7/ 12(40)  4B/104¢20) 133/344(20) A3/ .22 1.8B8/4.58B  5.49/16.0 7.12/14.7 15.2 /28.5 11.2 /2L.6
59 71 7 37 15/ 27¢40) 337 72¢19) 164/483(20) .30/ .53 1.34/3.37  7.31/22.4 4.28/8.83 17.9 /24.8 11.1 /16.8
60 12 5 75 44 54/148(40)  77/175(20) 17B/422(20) F7/2.25 3.40/B.14  B.22/20.4 5.55/7.96 12.1 /16.1 8.83/12.0
AG. 6 3 66 31 3170 2.2915.90  6.43/19. 7.02/9.9% 16.7 /22.8 11.9 /16.4

(Continned on next page)
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Table Al. Continued.
Cytotoxic Response” Transforming activity® Transformation response” Significance®
(% RCE) (focus type) {foci/vessel) (¢-Statistic)
Stand. A Co-culture A BaP {pg/ml} BaP {ug/ml) BaP (ug/ml}

Exp. BaP  (ng/ml) Cont. 0.633 .200 Cont. 0.633 200 .0633 .200 AvE.

no.t  -063.20 .063 .20 [II/1-111 () IN/I-TII {n) I1I/3-1T0 (n)  DIL/I-IXI IDO/I-IRD II/1-111 1/1-11 111/1-111 111/1-111

Ampule 1L [11.5 % no]

61 0 0 70 33 12/ 20040y 437126020y 95/313(20n 227 .38 1.92/4.43  4.28/13.8 B.76/7.77 14.3 f20.5 11.5 /14.1

AVG. 1o ¢ 70 33 2Ef 38 1.977/4.43 4.78/13.8 8.76/7.77 14.3 /205 11.5 /4.1

Ampule 1C [10.4 + 1.67]

10 e 2 92 31 3/ &(40) 347 62¢20) 105/198¢20) D57 .30 1.3772.54 0 4.79/9.41 6.23/8.72 18.3 /29.4 12.3 /19.1
[} 9 3 87 38 8/ 15¢40) &7/ 68(20) 108/205(20) 57 .26 1.9272.85  4.93/9.70 7.04/8.90 16.2 s22.2 11.6 /15.6
8 4 1 52 6 110/246(40)  2594/517¢20) 244/494¢19) 2.19/4.94 11.8 f25.0 10.7 /23.8 1.2 /141 8.19/9.76 9.70/11.9

11 7 1 34 35 21/ 34(40) 37/118(20) 12B/347(20) 307 A1 1.62/3.43  4.94/13.3 5.38/6.1% 10.5 /13.6 7.94/9.90

AG. 7 2 66 28 6711.43 4.18/8.46 6.34/14.1 7.46/9.48 13.3 /18.7 10.4 fi4.1

Ampule 16 [9.98 = .67]

29 2 1 7% 57 36/ BFcL0Y 142/306¢20) 122/293¢20) 6171.02 6197146 5.79714.0 10,3 /13.2 13.1 /14.5 11.7 /13.9

3 19 7 85 39  108/256¢40) 138/345(20) 167/523(20) 2.51/5.76 6.39/15.1 8.23/25.7 7.61/7.56 14.5 /8.1 11.1 /12.8
30 3 1101 60 40/ B5¢40) 98/220¢19) 158/346(20) T9/1.68  4.25/10.2 7.23/16.2 8.08/9.7% 12.3 /15.3 10.2 /12.5
33 6 3 51 2 S4/182¢37y  130/7443(20) 214/7614(20) 1.04/3.31 5.86/18.1 10.0 /29.6 7.74/7.90 13.6 /15.2 10.7 /11.6
36 B 3 78 40 20/ 41(36) 8B/236(18) 73/203018) 427 .86 437110 7.27/21.9 11.0 £12.4 8.91/25.2 9.96/18.8
n 5 2100 &9 437 75¢36) 126/255¢18) 1346/301(15) 93/1.70 6.06/12.4 8.63/19.1 8.51/10.1 111 13.5 9.81/11.8
32 610 77 52 Q17219¢38) 115/297¢20) 197/482(19) 1.99/4.56 5.46/13.5 10.1 f24.6 6.94/7.15 12.6 /13.2 9.77/10.2
35 12 5 88 656 94/232(40) 133/394¢20) 103/405¢20) 1.97/5.26 6.01/18.7 4.91/19.5 6.93/11.5 6.41/12.1 6.77/11.8
A¥G. 7 4 82 51 1.28/3.02 5.57/14.2 7.77/21.3 8.39/9.95 11.6 /15.9 10.0 /12.9

Ampule 1A [9.52 + 1.52]

2 301 69 36 34/ NDCAO) 110/ Np(¢20) 187/ ND ¢20) b6/ ND 4,527 ND 8,89/ N B.43/ N0 15.5 / N 120 /ND
3 1311 47 82 17/ NDC40) 397 Np(20) 127/ ND ¢20) 297 ND 1.61/ ND 5.84/ ND 5.63/ NO 14.8 / N 10.2 / ND
1 1610 91 56 T3/ ND€40) 1147 np €200 1T1/ND (20)  1.447 a0 5.187 ND 8.16/ 6.68/ WD 12,1 / KO 9.39/ WD
4 2616 7% 83 118/ No(40) 1167 wn (200 184/ ND ¢20) .51/ W &.387 WD B.B1/ Mo 3.62/ N 9.38/ ND 6.50/ ND

AVG. 14 10 71 b4 98 o 3.92/ M 7.93/ w 6.09/ v 1297 w0 9.50/ a0

Ampule 1J [8.19 + 2.48]

52 11 & 75 40 55/191(38)y 126/40B¢20) 150/532(20) 1.09/2.82 5.61/16.6 6.63/22.7 8.18/7.53 9.35/9.09 8.77/8.31

51 7T 1 78 46 34/ 77¢40) 77/212¢20) B1/287(1%) 67/1.65 3.41/9.647  3.83/14.0 7.68/11.2 B.49/13.9 B8.09/12.6

53 8 5 77 59 128/592(40) 195/637(20) 182/544(20) 2.78/9.73 B.74/28.0 B.30/25.2 7.74/5.78 7.68/5.79 7.71/5.79

AVG. 9 3 77 48 1.51/4.73 5.92/18.1 6.26/20.6 7.87/8.17 8.51/9.59 8.19/8.88

Serum Lot B

Ampule IN 10.3 £ .91]

81 28 10 &8 &4 583/1287¢72) 280/698¢18) 378/94%(18) 7.36/15.3 15.3 s/38.1 20.8 /52.7 10.5 /11.6 15.5 /15.4 13.0 /13.5

77 17 & 79 70 QL/2L6(TRY 1147259019y 179/3566(20) L97/2.32 5.53/12.3 8.33/16.4 10.0 /11.3 13.6 710.3 11.8 /10.8

79 3923 BO 94  430/7B0(72) 241/436(18) 279/479(13) 5.12/9.40 12.9 s22.9 20.8 /36.1 9.34/8.55 13.9 715.0 11.6 /11.8

80 36 17 87 65 317/572(80) 185/493(20) 2617680(20) 3.02/5.83 B8.53722.9 12.9 /33.0 7.65/9.50 13.0 /17.7 10.3 /13.6

82 47 56 47 52 64971303(72) 288/684(18) 371/1046¢18) 8.01/15.6 15.5 /36.9 19.4 /56.2 7.97/10.2  7.45/14.7 7.71/12.5

78 15 8 84 61 296/701¢72) 1B4/353¢18) 116/305¢18)  3.28/6.49 9.84/19.0 6.11/16.0 9.74/8.98  4.93/6.70 7.34/7.84

AVG. 3020 74 68 4.63/9.16 11.3 125.4 1.7 /35.1 9.20/10.0 11.4 /13.3 10.3 /11.7

Ampule 1P [8.62 £ 1.53]

93 B 3 80 47 437 T0(79)y 119/7178(¢20) 138/244(20) G2/ 66 4.BOSFT.O7  6.4BJ11.2 12.0 712.0 16.8 /16.6 14.4 /14.3
96 3911 75 44 62/199¢70)  62/171¢20)  B6/186(20) 667174 2.88/6.51 4.03/8.35 7.12/6.96 9.40/8.87 8.26/7.92
95 3316 ND WD 263/652¢77) 115/317¢20) 152/35%(20) 2.84/6.83 5.27/15.0 7.35/17.2 3.82/7.35 9.4B/9.28 6.65/8.32
94 17 0 114 76 150/314¢71) B1/162¢18) 122/311(18) 1.52/2.96 3.88/7.40 5.92/14.0 4.08/4.10 6.26/7.22 %.17/5.66
AVG. 24 8 90 5 1.36/3.05 4.21/9.00 5.95/12.7 6.76/7.60 10.5 /10.5 8.63/9.05

Ampule 1Q [8.49 + .52]

101 ND ND 85 65 27/ 55(78) 48/ 92¢20) 108/231¢20) .26/ .58 2.11/4.27 4.63/B.96 9.73/12.4 12.7 /13.9 11.2 /13.2
G 3219 85 68 65/165¢80) 94/191¢20) 160/315¢(20) 59/1.06 3.59/7.42  6.67T/14.7 7.95/8.1% 12.4 A16.0 10.2 /f12.1
97 17 5 104 78 47/118(80) 5271260200 118/248(20) 417107 2.26/5.14 5.02/9.95 7.26/7.49 12.% /11.3 9.88/9.60
0 24 9 92 77 89/ 164¢79) 75/178020) e5/179¢20) 87/1.67 2.86/5.80 4.59/8.36 5.37/4.94 13.7 f12.2  9.70/8.87

100 819 94 78 28/ 44(723 62/ 92(18)  65/127(18) 27/ L2 2.B5/4.46 3.30/6.21 7.I510.7 1T 134 9.60/11.9
98 29 8 91 &0 39/ T6(45) 75/131¢18) 132/22B(18) 62/1.07 3.38/5.41 6.82/11.4 6.8176.56 11.8 /11.3  9.31/8.93
102 1910 93 70 64/105¢72) 457 93(18) 99/196(18) 707117 2.22/6.61 4.65/9.42 5.22/7.07  9.48/11.7 7.35/9.39
05 18 6 BT 63 58/108¢77y 40/ 79¢192  59/111¢20) 58/ .88 1.9373.67 2.43/5.58 5.5476.22 6.7T0/7.49 6.12/6.86
104 5125 90 &5 a3s128(71) 63/ 93(18) 62/157(18) .8B/1.38 2.47/3.49  2.79/5.44 4.10/3.92  4.87/6.26 4.49/5.09
AVG. 34 22 91 72 .58/1.03 2.63/4.92 4.54/8.82 6.64/7. 49 10.7 f11.5

8.67/9.50

(Continued on next page)
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Table Al, Continued.

Cytotoxic Response® Transforming activity" Transformation response’ Significance”
{% RCE) (focus type) (foci/vessel) (¢-Statistic)
Stand. A Co-culture A BaP (ng/ml) BaP (ug/ml) BaP (pg/ml}
Exp. Bab  (ug/nl) Cont. 0.633 .200 Cont. 0.633 200 L0633 .200 AVG.
no,"  -063.20 ,063 .20 IIL/I-IIT {n} III/I-III {n} OIIL/I-TNN (n)  IIN/I-II1  IIN/I-IOX 1I1/1-111 1/1-111 11/1-TII 11/1-111

Ampule 1L [7.89 = 1.20]
65 19

7 90 61 147 28(40) 437 7B(200  B5/253(18) 24/ .51 1.80/3.54  4.38/11.7 6.94/2.08 13,9 s15.2 10.4 /12.1
&8 5 4 17 52 117 16¢36) 377 57(18) 91/131(18) .23/ .34 1.73/2.65  4.6376.72 5.18/5.82 15.0 /16.1 10.1 /11.0
6 17 6 &9 27 177 27¢40) 327 B2(20)  98/2B4(20) W29/ 48 1.37/3.01 4.47/12.7 5.13/6.70 12.7 /16.8 B.92/11.8
66 6 2 98 52 37 10¢38) 247 57(20) 90/203(20) 06/ .19 .80/1.63  3.92/8.24 3.69/4.10 14.1 /14,5 B.90/9.30
69 11 2 &8 50 15/ 32¢40) 33/ 75(20)  63/146(20) .29/ .58 1.17/2.22  2.67/5.61 3.53/4.47  9.34/9.93  6.44/7.20
& 21 &6 g4 34 5/ 1139 397111420y 487 90¢20) 097 19 97/1.95 2.07/3.80 3.32/5.53  8.71/9.64 6.02/6.5¢
63 25 4 93 81 B4/175(39y  93/229¢20) 141/329¢20) 1.92/4.00 3.20/8.15 6.13/13.7 2.02/2.63  6.87/7.77 4.45/5.20
62* 19 5 85 73 261/689¢40) 105/222(20) 188/527(20) 6.02/15.4 5.59/11.3  B.32/22.3 .00/ .00 2.35/2.62 1.18/1.31
A¥G. 15 5 81 54 A7/1.00 1.58/3.31 4.047 8.92 4.26/5.19 11.5/12.8 7.88/3.00

Ampule 1R [7.19 £ .99]

108 3016 66 31 108/242(70)  72/161(13) 139/307¢18) 1.17/2.78 &4.77/11.7 7.38/16.5 5.96/7.83 13.9 /11.6 9.93/9.72
110 1227 61 88 65/211(75)  75/168(18) 116/328¢18) -61/2.29 3.89/8.98 5.78/17.5 8.52/12.3 10.7 /18.9 9.61/15.6
06 4125 78 57 T47150¢43)  91/162(18) 134/262(18) .30/2.73 4.53/B.06  6.88/13.7 5.56/5.26 8.00/10.9 6.78/8.08
107 21 6 76 47 274/929(B0) 122/330(20) 131/402(20) .95/9.56 5.53/16.0 6.09/19.5 £.05/6.00 5.74/8.11 4.90/7.06
109 66 52 108 94  g37/796(B0)  81/190(20)  99/228¢20) .55/8.96 3.91/9.22 4.69/11.2 416/ .34 5.31/3.02 4.74/1.68
AVG, 34 25 78 63 7215.26 4.53/10.8  6.16/15.7 5.65/6.35 8.73/10.5 7.19/8.43

NN =

Ampule IM [6.66 + .87]
71 18 4 &% ™ MO212¢75)  77/179¢20)  251/553(¢20)  1.06/2.15 3.50/8.17 11.0 s23.4 7.12/8.95 12.1 s13.2  9.61/11.1

72 7 3 B2 57 29/ SB(T2) B4/12318) B5/165¢18) 297 .62 3.04/5.24  4.1178.31 6.20/10.3 12.7 ft4.7  9.45/12%
75 28 7 85 67 B89/225(78)  &T/147(20) 149/344(20) B8/1.98 3.10/6.30  6.35/13.% 6.56/6.00 10.9 /10.1 8.73/8.05
73 7 2 8% 72 407 99(7YY 487 90(20) 61/132(19) .27/ .61 1.58/3.20 2.580/6.38 4.37/5.92 8.09/13.1 6.23/9.51
70012 1 81 49 367 75¢54) 117 35¢5) 197 2¢3)  .53/1.07 3.62/6.30 3.38/6.11  5.73/4.23 5.04/3.90 5.38/4.07
23 &6 97 63 152/,256(71) 547 91€18) B7/144¢18) 1.79/3.03 2.72/4.65 4.41/7.28 2.26/2_54 5.23/5.3%  3.75/3.97
T4 10 3 78 &9 &5/7130(71) 277 &9(18) 437 T4¢18) G617 1.29/2.47 0 2.02/3.86 2.49/3.95  4.51/7.47  3.80/5.71
AVG. 15 2 83 61 .78/1.52 2.78/5.19 4.84/9.86 4.96/5.98 8.3719.69 §6.6717.84
fmpule 10 [6.31 £ .52)
a3 14 3 7¢ 73 487 78(80) 64/121¢20) 1417295(20) 357 .55 2.93/5.59  6.14712.0 9.12/10.7 13.5 /14.8 11.3 /12.8
8 32 B 89 69 57/ 90(79) 63/134¢20) 119/176(20) .49/ .71 2.33/3.96 4.7/ 7.05 5.84/4.68 10.3 710.6 8 07/7.64
B56 4B 19 BB A3 &7/ THT2) 42/ 69(18) b4/ 99(18} e 76 2.02¢3.35 3.327 5.23 5.74/6.09 9.07/9.U4 7.41/7.57
88 3516 83 74 377 52¢67) 247 300153 547 79(15) A1 58 1.50/1.90  3.367 4.58 4.90/6.64  9.58/9.50 7.24/8.07
84 NA 50 72 58 507 73(72) 57/ 99(18} T1/174¢18) 517 .72 2.44/3.78 3.27/ 6.53 6.14/5.39 6.82/7.42 6.48/6.41
87 4225 80 77 437 72(80) 347 91¢20) 59/112(20) 357 .60 1.45,2.91 2.26/ 3.67 5.24/6.14 5.84/5.62 5.54/5.88
85 2919 92 56 38/ 70(80> 66/110¢19) 1337291¢20) .31/ .50 2.10/3.31 3.437 T.47 4.56/5.30 5.10/6.74  4.85/6.07
Q0 5229 98 76  21¥/397¢T1)Y 1117241(18) 157/249(18) 1.95/2.93 4.91/B.97 7.60/11.3 3.71/4.13 5.89/5.32 4.80/4.81
92 19 18 78 72 62/100(71) 327 40¢17) 447 60(18) 607 .91 1.52/72.04 2.14/ 3.15 3.32/2.99 5.20/7.57 4.26/5.28
*x 0 45 69/101¢18) 3.54/ 5.32 8.31/11.4

N 58 2¢ 90 T4 31/ 46(T75) 147 23(20) 60/128(20) 327 .46 .50/ .87 2.00/7 3.09 1.31/2.% S.11/4.92 3.21/3.54
AVG. 37 26 85 &9 58/ 87 2.17/3.67 3.831 5.17 4.99/ 542 7.64/8.15 6.3716.79

Abbreviations: BaP, benzo(a)pyrene; % RCE, percent relative eloning efficiency; CC.A,, co-culture clonal survival assay; SA, standard clonal survival
assay; ND, not determined.

“Exp. No.: The 110 experiments in this table were sequentially numbeted as they were performed over a two year period. Experiments 6A and 6B were
performed on the same day and used the same laboratory cultures of cells; however, experiment 6A was condueted in culture dishes and experiment 6B
was conducted in culture flasks.

"Cytotoxic response: The eytotoxic responses of BaP in the 110 experiments was measured in either a standard or a co-culture clonal survival assay
(refer to Materials and Methods). The cytotoxie response represents the %RCE of the BaP-treated cell cultures relative to the untreated cell cultures.
The median eytotoxic responses were determined by rank-ordering the responses from experiments that used the two different FBS lots,

“Transforming activity: The number of type I, I1, 111 foci/vessel were scored as deseribed in the Materials and Methods, The transforming activity
was arbitrarily listed in this table as either the type 11 foci/vessel, or as the type I-III foci/vessel. The type I-111 activity included all type I, I1, and I1I
foci recorded per vessel; thus the number of type I + II foci ean be ealculated by subtracting the type II1 activity from the type I-1II activity.

Iransformation response: The BaP-induced transformation responses were caleulated using a three step procedure involving the log, , mathematical
transformed data (refer to Materials and Methods). The arithmetic value of the transformation response, or foci/vessel, represents the anti-log of the
log,, mean transformation response minus one,

*Significance: The significance of groups of BaP-induced transformation responses was caleulated by computer using the SAS statistical software,
and the method is described in detail in Materials and Methods. The correct ¢-statistic according to the F-test was used to caleulate the f-statistics
presented in this table. The ¢-statistics of each treatment dose of BaP were averaged to determine the average t-statistic for BaF.
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Table A2. Rank-ordered comparison of the historical median spentaneous transformation frequency with individual experiment

frequencies in terms of the statistical sensitivities and their detection sensitivities for benzo(a)pyrene.

Spontaneous Transformation I-'nr'equem:yh Benzo(a)pyrens Detection Sensitivity‘

{Statistical Sensitivity®

fexp. = Xexp.
Skexp High t-statistic Low t-statistic
(Foed /¥esse) fred. = Ymed. 8(a)P Conc. B(a}P Conc.
Mean (X} Frequency @ --~---
Exp. No." antilog log, X +SE SEmed .200 .0633 Avg. ,200 .0633 Avy.
Group S1. 12 Experiments with Significantly High Statistical Sensitivity ©
1. a2 8.01 0.954 + .022 + .32%%k + B.07 +10.7 +]3.3 Ax
2. 81 7.36 0.922 + .021 + 6, 11%** +11.0 +11.8 +16.1 ¥+*
39 62 6.02 0.846 + 027 + 4,36%%* NS
4, 79 5.12 0.652 + 027 + 3.36%* +11.6 +10.g  +15,9 ***
5. 107 2.95 0.5% + 025 + 3.33%* NS
6. 109 2.55 0550 + .024 + 3,19* 4.88 - 2.77 - 5 A4lkw¥
7. 34 2.51 0.545 + .024 + 3.16% NS
8. 95 2.84 0.584 + .026 + 3.12* NS
9. 78 3.28 0.631 = .030 + 2.93% NS
0. 80 3.02 ¢.605 = .031 + 2.71% +7.28+7.35 +10.4 ¥
11. 53 2.78 0.577 + .030 + 2.68% NS
12. 76 1.79 0.445 + 026 + 2.38% 2.95 - 496 - 5 Hgkw#
Group 52 36 Experiments with above Normal Statistical Sensitivity
13. 63 1.92 0.465 + 030 + 2.16 NS
14. 35 1.97 0.473 + .036 + 1.83 NS
15. 90 1.55 0.469 + .037 + 1.76 + 217 +2.24  + 312 **
16. 8 2.19 0.504 + .040 + 1.75 +1.58+7.66 + 6,53 ¥
17. 77 972 0.295 + .04 + 1.71 +4.69+58) + 7.42 *kx
18. 94 1.52 0.402 = .033 + 1.69 NS
19. 32 1.99 0.475 = .039 + 1.69 NS
20. 108 1.17 0.337 + 028 + 1.67 +275+2.3 + 3.6 **
21. 75 .BB2  0.275 % .025 + 1.53 +213+-1.03 +2.23 %
22. 103 874 0.273 + 025 + 1.52 NS
23. L 1.52 0.402 = .038 + 1.47 +§.99+ 205 + 7.8 k¥
24. 71 1.06 0.314 + 030 + 1.46 +6.16+1.66 + 5,53 ¥F*
25. 1 1.44 0.387 + .038 + 1.42 NS
26. 104 B77 0.274 + 028 + 1.36 - 4.24 - .99 - 3. T0*E*
27. 102 B97 0 0,230 £ .04 + 1.33 NS
28. 106 1.30 0.362 + .040 +1.26 +2.44 + 330 + 4,06 ¥k¥
29. 105 581 0.195 & 022 + 1.26 - 4.98 -2.57 - b 34%F¥
30. 43 1.05 0 311 + .035 +1.24 +10.9 +10.2 +14 .8 **x
31. 9% 660 0.220 + 026 +1.18 NS
32. 74 657 0.219 = .026 + 1.17 - 654 - 713 - G BTRR¥
33. 99 586 0200 + .024 + 1.16 +2.70+239 + 3.60 **
34. 52 1.09 0.321 + .039 + 1.4 NS
35. 45 .732  0.238 + .029 + 1.14 NS
Group 3 53 Experiments with Below Normal Statistical Sensitivity
36. 22 893 0.277 + .034 + 1.13 +154+1.65 +2.26%
37. 26 907 0280 £ 035 + 1.11 + 288 +36] + 4,69 ¥k
38. 110 LB09 0207 + 026 + 1.10 +1.80+ 380 + J3.96 ¥*¥
39. 28 818 0.260 + .033 + 1.10 NS
40. 30 787 0.252 + .032 + 1.10 NS
41, 92 597 0.203 £ 026 + 1.0% -z213-141 - 2.50%
42, 31 .930 0.286 & .0W7 + 1.08 +1.13+23 +2,48*
43, 93 L4160 00151 & 020 + 1.05 +3.30+4.94 + 5 B3 ¥x#
44, 84 SN 0179+ 024+ 1.04 NS
45, 6 L6310 0.156 & 021 + 1.03 NS
46, 18 663 0.221 £ 030 + 1.02 2.27 - 151 - 2.67*
47. 70 526 0.184 + 025 + 1.02 NS
48, 51 672 0.223 + 031 + 1.00 - 576 -159 - 5 2Qkkx
49, 33 1.04 0.309 + .044 + 977 +2.61+227 + 3.45 **
50. 4 1.51 0.399 + .057 + 974 NS
51, 89 L492 0174+ 025+ 968 NS
52. as 464 0.166 + 074 +  .962 -242 - .64 - 2.16%
53. 2 60 0.220 & 022+ 956 NS
5. 97 414 0051+ 022+ U955 NS
55. 42 861 0.270 £ 040 + 939 +6.86+400 + 7.68 +++
56. 91 322 0121+ 018 + ,935 - 4,59 -15.0 =13, Brx¥

{Continued on next page)
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Spontaneous Transformation Frequencyh
(Statistical Semsitivity®

Benzo(a) pyrene Detection Sensitivity?

fexp. = XYexp.
SEene High t-statistic Low t-statistic
(Foci/Yessetl) fmed. = Xmed. B(a)P Conc. B{a)P Conc.
Mean (X) Frequency @ -----
Exp. No." antilog Tog,qX + SE SEmed .200 0633 Avg. ,200 0633 Avy.
57. as 406 0,148 £ 023 + 895 204 - 405 - 4 3EFrx
58. 37 631 0212 : 033+ LF94 NS
59. 28 618 0.209 & .033 + L.B81 +3.30 + 2.l 4+ 3.82 ¥
60. 40 L5330 0.186 + 031 + B35 +151+152 +2.14 %
61. 47 579 0,198 + 033 + 835 NS
62. 101 260 0.100 £ 017 + .818 NS
63. ar L3460 0.129 & 022 + .B16 809 -371 - 5 5%k
&4 48 .537  0.187 £ 032 + .B13 .28 - 3.08 - 2.38%
65. 4% L4633 0.156 + .027 + .804 NS
66. 23 661 0.220 + 039 + 78BS - 60 -3.06 - 2.59%
67. 85 L3130 01182 021 + .782 NS
68. 29 606 0.206 = 037 + 774 NS
69. 38 496 0,175 & 032 + .76 + 734 6.22  + 4,92 *k*
70. 72 .29 0110+ 020+ 765 NS
71. a3 L357T  0.130 £ 024 + 753 +245+7205 +3.18 **
72. 60 766 0.247 + 046 +  JT4T NS
73 100 268 0.103 £ 020 + 716 NS
Th. 36 424 0.153 = .030 + 709 NS
75. 59 297 0,113+ 023 + .683 NS
76. 50 .381 0.140 £ 029 + .672 NS
77. 19 L357  0.133 : .028 +  .661 NS
78, 27 J555  0.192 £ 041 + .65 NS
79. 21 347 0 0,129 + 028 + L6417 NS
a0. 73 274 0.105 ¢ 023 + .635 - 3.08 - 2.06 - 3,64k
81. 20 368 0.136 + 030 + .63 + 627+ 27+ 4 B3 FF¥
82. 39 427 0.154 + 035 + .612 +1.07+48 + 4,17 *¥**
83. 17 327 0,123+ 028 + .61 NS
84. 56 L260  0.100 £ .023 + .605 1.89 - 7.6 - 6. 78%¥%*
85. 69 .29 0110 + 024 + .638 4.38 - b 42%%%
86. 57 .278  0.107 + 025 + 595 NS
87. 16 344 0.128 + 030 + .593 NS
88. 46 384 0.141 + 034 + 577 NS
8%. 24 308 0.117 £ 029 + 561 5.3l - 151 - 4 ,88%k%
%0. 41 274 D105 = 026 + 562 +3.74+420 + b .H2 ¥
G1. 54 .265  0.102 + .02 + 546 NS
92. &4 .291  0.111 £ .029 + .532 NS
93. 61 222  0.087 + .023 + 526 388 - 510 - §.35%%%
G4, 3 .285 0.109 + .029 + 523 1.54 6 - 4. 31Fk*
5. 45 2446 0.095 £ .026 + .508 NS
96. 13 .201  0.080 £ .022 + .506 3.96 - 1.31 - 3.73%%*
97. 58 .189  0.075 = 021 +  .497 1.12 66 - 3.38%*
28. &8 226 0.089 £ 025 + 495 NS
99, 14 213 0.084 £ 024 + 487 NS
100. 15 L1864 0.074 & 022 + 468 NS
101. " L3010 0114+ 034 + 466 -2.35-6.69 - §.39%F%
Group $4 9 Experiments with Significantly Low Statistical Sensitivity f
102. 9 L1649 0.080 + 019 + . 439% 272 - 412 - 4.B4 FE*
103. 12 L1600 0.085 = .021 +  431% NS
104, 55 J12¢ 0.053 = 018 + . 410% -1.65-4.19 - 4. 13 **%
105. 7 L135  0.055 2 .021 +  .364% NS
106. 25 101 0.042 £ 018 + |, 325% NS
107. 67 .085  0.035 = .017 + . 286%% - 4.46 - 375 - 5, Bl¥x+*
108. &6 .056  0.024 £ 013 + [ 257%* - 16 -5.32 - 3.88%*x
109. 10 L0583  0.023 £ 013 + .246%* - 2.87 -587 - 5,18k
110. 5 .035 0015 = .011 + L 190%* 411 - 2,16 - 4 43%%%

Abbreviations: AVG., average; B(a)P cone., benzo(a)pyrene concentration; Exp. No., experiment number; NS, not significant; SE«xp- and SEmed. are the
standard errors of the mean experimental and median spontaneous frequencies; fexp., ¢-statistic of the experimental; fmed, t-statistic of the median

experiment; Xexp. and Xmed., the mean experimentai and median spontaneocus frequencies; X, mean

{Continued on next page)
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Table A2. Continued.

“Exp. No.: The table summarizes the “Statistical Sensitivities” and the “Benzo(a)pyrene Detection Sensitivities” of 110 experiments. The experiments
with different experiment numbers are rank-ordered in terms of their statistical sensitivities from the 12 experiments with significantly high statistical
sensitivity to the 3 experiments with significantly low statistical sensitivity. Explanation for the calculation of statistical sensitivity and B{a)P detection
sensitivity are provided below.

'Frequency of spontaneous transformation: The frequency of spontaneous transformation is presented in terms of the antilog,, of the mean number
of focifvessel for each experiment. The experimental design of the assay and the method of caleulating the antilog, , frequency are described in Materials
and Methods.

“Statistical sensitivity: The method for caleulation of statistical sensitivity is provided in the Materials and Methods. The median spontaneous
transformation frequency for 110 experiments (Z.¢., X,.q) was 0.190 log , focifvessel [arithmetic equivalent to 0.549 foci/vessel]. The median standard
deviation (3D) of the mean (X) spontaneous frequency was 0.196 log , focifvessel [arithmetic equivalent of 0.570 foci/vessel]. The median standard error
of mean (ie., SE .4 ) was 0.026429 foci/vessel. Using the ratio of the experimental and median ¢-statisties, the 110 independent experiments were rank
ordered from the highest to the lowest in terms of statistical sensitivity. An example caleulation is provided helow.

Statistical Sensitivity of _ .922/021  _ 43.905
Experiment #81 T 190/.026429 71891

= = +6.106
‘Benzo(a)pyrene Detection Sensitivity: The method for caleulating the detection sensitivity of B(:)P was described in the Materials and Methods.
The experiments which had detection sensitivity for B(a)P that was indistinguishable from the median experiment responses were evaluated as not
signifieant.
g“Hig’h statistical sensitivity: A total of 12/110 (10.9%) of the experiments had a “significantly high statistical sensitivity”™. A significantly high
statistical sensitivity was caleulated by determining the varianee the statistical sensitivities of the 110 experiments, This caleulation is shown below and
it revealed that a 2.208-, 3.220-, and 4.232-fold increase in the statistical sensitivity compared to the median statistical sensitivity resulted in significant
high statistical sensitivities at the p<.0.5, p<.01 and p<.001 confidence levels. Note, before this calculation could be made the experiments with below
average statistical sensitivity had their rank ¢-statistic converted from a positive fraction less than one to a whole negative rank #-statistic by dividing it
into one.
Mean Rank, ¢-statistic for Statistical Sensitivity = 1.196 = 1.012 (110}); therefore, at
.05 CONFIDENCE LEVEL = mean + 18D = 1.196 + 1.012 = 2,208
01 CONFIDENCE LEVEL = mean + 28D = 1.196 + 2.024 = 3.220
.001 CONFIDENCE LEVEL = mean + 38D = 1196 + 3.036 = 4,232
Low statistieal sensitivity: The historical range of experiments revealed that 8.2% (9/110) of the experiments had a “significantly low statistical
sensitivity”. The method for determining the experiments with a significantly low statistical sensitivity is identical te that used to determine
experiments with a significantly high statistical sensitivity (refer to footnote e above).
FExperiment #62 was the only experiment among the 110 experiments in which the positive control B(a)P did net induce a highly significant
transformation response, and this experiment was evaluated as being unaceeptable.
*Signifieantly high ar low spontaneous or B(a)P transformation response, 0.01 < p < 0.05.
**Significantly high or low spontaneous or B(a)P transformation response, 0,00 < p < 0.0L
***Significantly kigh or [ow spontaneous or B(a)P transformation response, p < 0.00L.




